Background & Aims: Diabetes mellitus is one of the major issues of the healthcare systems of all societies. Patients with diabetes
Introduction
Application of medicines to the skin has been a method of drug delivery for a long time in order to elicit local effects. However, it has been also used during recent years as a route for systemic administration of some drugs such as nicotine for the cessation of smoking in addicts (1) . A variety of advantages including: Noninvasiveness, overcoming the first pass effect, decreasing gastric irritation, preventing drug degradation among many others has made this method to some extent superior to other methods of drug administration (2) .
The main barrier against transdermal drug delivery is the low permeability of the skin to exogenous compounds mainly due to the Stratum Corneum, a morphologically unique bio-membrane present in the skin (3) . Although many chemical and physical penetration enhancers such as surfactants and fatty (4), ionophoresis (5), sonication (6) , Ultrasound (7, 8) , microneedles (3) have been used thus far to overcome this problem (9) . Many attempts have remained unsuccessful in increasing the permeability of the skin to a promising extent especially in drugs with large molecular structures (10 At the present, subcutaneous injection of insulin is the most conventional way of insulin delivery to diabetic patients which may lead to a variety of physical and mental problems after its long-term invasive usage (13) .
This fact has drawn the attention of many researchers worldwide to find less invasive ways of insulin delivery to these patients. There have been few studies conducted so far regarding transdermal insulin delivery using insulin as a topical ointment. All of these studies lack the information regarding the different concentrations of insulin ointment, resulting in inadequate data on its efficiency in decreasing blood glucose (14, 15) . This study tries to investigate the possible hypoglycemic effect of topical insulin ointment at different concentrations in hyperglycemic rats.
Materials and Methods

Ointment preparation:
The insulin ointment was prepared using pure human insulin (Humulin ® R, rDNA U-100, Indianapolis, IN) and eucerin. Eucerin is commonly used for therapeutic and cosmetic purposes (16). It is among one of five major types of substances used in preparation of ointments (17) . Desirable pharmacological properties of eucerin, such as good drug release potential, and being hydrophilic (17) , has made it a good choice to be used in the preparation of oil-based ointments. 4, 8, 9.4 and 10.2 ml of regular insulin were calculated to be mixed in 2 g of eucerin in order to reach concentrations of 0.69%, 1.36%, 1.6%, and 1.73% of insulin ointments, respectively. The mentioned concentrations were calculated as weight/weight percentages (18) .
To prepare the ointment for the treatment of each group, specific amounts of insulin had been gradually added to 2 g of eucerin while the mixture was being stirred. Once the mixture lost its consistency, the addition of insulin was seized for a while, and the mixture was stirred again so that it could regain its consistency then the remaining amount of insulin was added. Under these conditions, insulin could be readily mixed into eucerin. Finally, the ointment was placed in 4
°C until commencement of the experiment.
Animal experiments:
36 male Wistar rats (250-360 g) were divided into 6 groups of six including one control (C) group and five treatment (T) groups. All the animals were fed on standard chow diet, and they were kept in a stress-free 
Results
The blood glucose levels before anesthesia was 
Discussion
Transdermal delivery of insulin can be a potential and desirable alternative for its injectable form, if it is proven to be at least partially as efficient as its subcutaneous route. In a study, insulin was successfully delivered to hairless rats through the skin using a preparation of insulin solution at a concentration of 100 U/ml exposed to ultrasound (19) . In two other similar 
